This study examined the role of facial symmetry in the judgment of physical attractiveness. Four experiments investigated people's preference for either somewhat asymmetrical portraits or their symmetrical chimeric composites when presented simultaneously. Experiment 1 found a higher selection rate for symmetrical faces with neutral expression for portraits of old people, and Experiment 2 indicated this may be because symmetry serves as cue for youth in old age. In Experiments 3 and 4 participants examined portraits with emotional expressions. Experiment 3 found a higher selection rate for asymmetrical faces, and Experiment 4 indicated this may be because observers perceived them as more genuine and natural. This study suggests that the low degree of facial asymmetry found in normal people does not affect attractiveness ratings (except for old age), probably because observers are not tuned to perceive it.
From early times, human beauty has puzzled mankind for its variety and peculiarities. Darwin, for example, was pessimistic about the universality of standards for gauging human attractiveness. Reflecting on the human variety he observed during his voyage aboard the ship Beagle, Darwin concluded that "it is certainly not true that there is in the mind of man any universal standard of beauty with respect to the human body" (1871, p. 322). A century later, Berscheid and Walster (1974) argued, in their seminal review about physical attractiveness, that "identification of the physical characteristics considered attractive in Western culture, or in any other, seems a hopeless task" (p. 178).
In spite of these discouraging views, recent years have witnessed extensive research on physical attractiveness, which gradually revealed that perceptions and judgments of physical and facial beauty rest heavily on biological foundations and social norms (Cunningham, 1986; Cunningham, Barbee, & Pike, 1990; Singh, 1993; Symons, 1979 ). An increasing number of cross-cultural studies seem to support this perspective by demonstrating that individuals rated as attractive in one culture are usually rated as attractive also in other cultures (Bernstein, Lin, & McCllelan, 1982; Maret & Harling, 1985; Perrett, May, & Yoshikawa, 1994; Udry, 1965) .
It has been argued that the degree of asymmetry in bilateral features is one of the fundamental factors underlying human attractiveness, (Gangestad, Thornhill, & Yeo, 1994; Thornhill & Gangestad, 1993) . In the last decade, biologists have provided psychology with some more basic motives for the preference of physical symmetry than mere aesthetics. Their key measure, fluctuating asymmetry (FA), is defined as a random (fluctuating) deviation from perfect bilateral symmetry in a morphological trait within individuals. FA is the result of failure to resist environmental disturbance during development (Leary & Allendorf, 1989; Palmer & Strobeck, 1986) . Studies on animals reveal that more physically symmetrical birds and insects, namely those possessing a lower degree of FA, have an advantage in sexual competition (e.g., Markow & Ricker, 1992; M011er, 1992; Thornhill, 1992) . So great is the importance of symmetry that "forewings that differ in length by just a fraction of a millimeter may keep a male scorpion fly from finding a mate" (Thornhill, 1993, p. 30) . These findings also coincide with evidence that FA in various species tends to negatively correlate with various aspects of fitness such as growth rate, fecundity, and ultimately with survival (Jones, 1987; Manning & Chamberlain, 1993; Mitton & Grant, 1984; Parsons, 1990) . The question remains, however, whether and how findings from animal studies are relevant to humans in general and to the human face in particular.
Fluctuating Asymmetry in Human Beings
In fact, there is plenty of data to support the contention regarding the role of symmetry within human beings as well. Although the human body is basically bilaterally symmetrical, researchers have for a long time noticed the presence of morphological asymmetries (e.g., Van Dusen, 1939) . The right side has more departures from the fairly symmetrical morphology found in normal (healthy) people, and this is true even when handedness is controlled (Garn, Mayor, & Shaw, 1976; Schnell, Johnston, Smith, & Paolone, 1985) . Studies on the relation between FA and abnormality in humans have revealed that individuals suffering from various developmental anomalies, congenital conditions, or illness also exhibit greater FA. Mentally retarded individuals show greater anthropometric asymmetry than normal individuals (Malina & Buschang, 1984) , and people suffering from schizophrenia were found to have greater FA than healthy controls (Markow & Wandler, 1986 ). An earlier study found a correlation between tooth asymmetry and the prevalence of parasites (Bailit, Workman, Niswander, & Maclean, 1970) , and Livshits et al. (1988) showed the effect of gestational period on FA. Comparing preterm and term newborns, they found inverse correlations between the infants' FA and their gestational age as well as their health status.
As for the human face, numerous studies have found that it also shows various degrees of asymmetry. Healthy people show only a mild degree of facial asymmetry, and in rare cases, facial asymmetry may appear in extreme, pathological forms (greater than the mean ± SD) originating from trauma, developmental defects, or pathology (Burke, 1992; Livshits & Kobyliansky, 1991) . Facial asymmetry, either normal or pathological, is located in various sites, referred to by Ekman (1978) as "signs." The basic source of facial asymmetry is in static signs, such as the bony structure of the skull, and shape of various facial features, which change very slowly during the life span. Several studies have revealed that marked and even consistent asymmetries exist in the skull, and to a lesser extent, in the cranial bones (LeMay, 1977; Peck, Peck, & Kataja, 1991; Woo, 1931) . The second source is slow signs, such as wrinkles, bags, fatty deposits, teeth, pigmentation-that is, facial changes that occur with age. Measuring the thickness of soft tissue over the zygion, Sutton (1969) found marked but inconsistent asymmetries. The third source is rapid signs-such as muscular contractions that move the skin and head position-that is, changes that occur over a short time (seconds). This source was extensively researched because of its implications for cortical laterality. Reviewing the vast literature on rapid signs, Borod (1993) concluded that in the normal adult population, the left hemiface is "more intense and move(s) more extensively than the right hemiface during emotional expression, generally regardless of elicitation condition (posed vs. spontaneous) and the operation of social display rules" (p. 458). (See also Campbell, 1986; Skinner & Mullen, 1991.) Although these findings are often statistically significant, researchers have noted that the asymmetries revealed were limited and appeared to be the exception rather than the rule (Sackeim, 1985) . Still, because most of these studies aimed to examine the existence of consistent patterns of asymmetries (which has a meaning mainly for research on facial laterality), they overlooked the existence of inconsistent asymmetries within individuals.
Facial Asymmetry and Attractiveness
The first indication that there is a preference for facial symmetry stems from research on average faces and attractiveness. More than a century ago, the English scientist Francis Gallon observed that facial composites made of several superimposed photos appear more attractive than the individual photos used to make the composites (Gallon, 1878) . Recent developments in computer graphics enabled Langlois and Roggman (1990) to carefully examine and confirm Gallon's observations. Furthermore, they found that the more faces used in the composite, Ihe greater the attractiveness rating becomes, and thus, they reasoned, the greater the facial averageness, the higher is its attractiveness. Despite some criticism of the notion that average faces are the most attractive (e.g., Alley & Cunningham, 1991; Perrett, May, & Yoshikawa, 1994) , it is obvious that composite portraits also tend to be more symmetrical than single ones, because their FA is eliminated.
In an interdisciplinary research project, which was the first to examine the link between FA (measured by seven body traits) and facial attractiveness, Gangestad, Thornhill, and Yeo (1994) found a low but significant negative correlation between FA and facial attractiveness ratings for men, but not for women. Using a similar method, Thornhill and Gangestad (1994) also found a negative correlation between the FA of a sample of college students and their selfreported number of lifetime sex partners, as well as positive correlation between their FA and age at first copulation. Although these two studies did not deal with facial asymmetry, they suggested that body asymmetry and facial asymmetry may correlate and thus facial asymmetry marks overall developmental stability. Facial attractiveness, it is further argued, may serve as a cue for the individual's quality of physical development and degree of FA, which are ultimately reflected by the sexual behavior of the individual.
The most decisive evidence for the role of symmetry in facial attractiveness comes from the study of Grammer and Thornhill (1994) , who asked women and men to rate 16 digitized pictures of opposite-sex faces of individuals, and seven composite pictures of these individuals (four pictures combining four faces, two pictures combining eight faces, and one picture combining the faces of all the 16 individuals). Overall, composite female faces were rated as more attractive than individual female faces, whereas composite male faces were rated as less attractive than individual male faces. Even more important for the present study is their finding that, when facial averageness was controlled, the ratings of normal photos of both sexes were negatively correlated with FA. Despite these findings, there are several reasons that lead us to doubt the importance of perfect symmetry in faces of normal people.
Facial Asymmetry as a Manifestation of Normality
The human face is the most prominent aspect in human social interactions, and therefore it seems reasonable to expect that humans are able to use it as a means for discerning the existence of abnormalities through facial asymmetries (Thornhill & Gangestad, 1993) . Nevertheless, Bruyer and Craps (1985) found that individuals "are generally unable to distinguish natural, asymmetrical faces from artificial, symmetrical faces or chimera, even after preliminary training" (p. 66). Several recent studies support this observation into the arena of human attractiveness.
Focusing on the anthropometric qualities that determine facial aesthetics, Farkas (1994) compared, among other things, the differences in 36 paired linear and angular facial measurements between young adults of above-average and below-average attractiveness. The analysis of differences in the degree and frequency of the facial asymmetries found in these two groups, Farkas concluded, "did not contribute greatly to the statistical determination of signs of the attractive face" (p. 178). The only finding that may be associated with attractiveness judgments, was a greater degree of nasal bridge deviation in the below-average group. Also Langlois, Roggman, and Musselman (1994) found no significant correlation between the attractiveness level of 19 faces and their degree of symmetry, as judged on a five-point Likert scale ranging from "very symmetrical" to "not very symmetrical" (r = .11). Finally, Kowner (1994) , who examined ratings of either somewhat asymmetrical faces or their symmetrical composites, using 10 bipolar traits, found very small differences in attractiveness (and other attributions of personality) if any.
What might be the reasons for these findings? On the one hand, the stimuli in the above three studies comprised of only young healthy adults, whose faces tend to show only limited FA, whereas the hypotheses of Thornhill and Gangestad (1993) deal with the human population as a whole. On the other hand, there are several factors, unrelated to age, that hinder recognition of mild facial asymmetry including (a) limitations originating in the observer and (b) limitations originating in the stimulus target. For limitations originating in the observer, 1. Facial asymmetry can be detected only from a limited angle. The limited asymmetry found in faces of normal people cannot be accurately assessed from any direction except from a completely frontal view. People tend to avoid looking directly at others more than briefly due to social (e.g., transgression of social codes) and perceptual (e.g., hearing better) reasons (Fisher & Cox, 1975) .
2. Scanning processes hinder detection of facial asymmetry. Even when people do examine other faces from a frontal view, their ocular exploration is limited mainly to one hemiface (Walker-Smith, Gale, & Findlay, 1977) . This pattern of perceptual asymmetry is related to the common left visual field bias found in judgments of photographs under unrestricted viewing conditions (Gilbert & Bakan, 1973; Kolb, Milner, & Taylor, 1983) .
For limitations originating in the stimulus target, 1. Faces are not held in a way that their asymmetries can be observed. Obstacles to accurate observation may not only be due to the observer's action, but also to the target's action. Target people rarely keep their head simultaneously straight in all three dimensions. In my experience, even when asked to look straight ahead, many people find it difficult to do so without the aid of a mirror.
2. Expressions of emotions are asymmetrical. Facial expressions in general and voluntary facial movement in particular are partially asymmetrical (for summaries, see Borod, 1993; Skinner & Mullen, 1991 ). Bruyer's (1981) finding that this asymmetry disappears only following damage to the right, but not left cerebral hemisphere, implies that asymmetrical emotional expressions are perceived as normal, whereas symmetrical ones may appear unnatural.
3. Speech is asymmetrical. When people are speaking, the lower part of their face moves asymmetrically. One of the more prominent features of this phenomenon is the wider opening of the right side of the mouth, and the greater overall distance it moves (Graves, Goodglass, & Landis, 1982; Graves & Landis, 1990; Hager & van Gelder, 1985) .
4. Facial asymmetries are inconsistent. Asymmetries in a particular part of the face are usually unrelated to asymmetries in other parts. Examining the inconsistency of facial asymmetries, Farkas and Cheung (1981) suggested that this feature may account "for the inconspicuous nature of physiological asymmetries," as if "nature tends to use soft tissue to mask irregularities of the facial skeleton" (p. 76). This view is also shared by Sackeim (1985) , who concluded that "asymmetry in the static morphological properties of the face does not form the basis of the consistent asymmetries that have been observed in facial emotional expression" (p. 309).
5. Asymmetrical patterns on the face distract perception. Shadows are unilaterally cast on the face, and similarly the hair pattern is rarely arranged in a symmetrical manner. The existence of these asymmetrical patterns in the face further distracts observers from noticing the existence of asymmetry.
The Present Study
In view of these perceptual obstacles to the detection of facial asymmetry, I argue that people are not tuned to perceive minor facial asymmetries (in static or slow signs) of others that they are in contact with. Even when they do notice, they may attribute them to components of ordinary asymmetrical rapid signs. In contrast, viewing perfectly symmetrical faces, especially in situations where emotions are displayed and verbal communication is conducted, may induce a feeling of unexplained oddity if usually observed asymmetries are not seen. Thus, the main hypothesis of the present study is that mild facial asymmetry does have a positive effect on attractiveness judgment in certain situations.
In the present study, I investigated the relation between attractiveness judgments and the degree of FA in healthy people. More specifically, I examined whether faces with a lower degree of (facial) FA are indeed more attractive, as several researchers and miscellaneous indirect evidence suggest. Experiments 1-4 presented below examined perceptions of facial attractiveness in asymmetrical faces and symmetrical faces. In these experiments, attractiveness judgments of symmetrical facial composites of individuals and their original asymmetrical faces were compared. In a previous study (Kowner, 1994) , individuals were presented with only one stimulus person at a time, and rated them on 10 personality and emotion-related traits. In the present study, however, participants were asked to select one of two stimuli simultaneously presented, using one only criterion. In addition, the age range and the number of stimuli used in this study are far larger than in the Kowner (1994) study.
Experiment 1
This experiment investigated attractiveness judgments of the face at rest. Recent studies have assumed that in this situation there are neither consistent anatomical differences between the two hemifaces, nor any lateralization effect, and thus the face at rest does not form the basis for asymmetries found in emotional expressions (Borod, 1993; Kowner, 1995) . As such, only asymmetries in static and slow signs may influence attributions to the facial expression perceived by an observer. The following hypotheses were examined: Hypothesis 1 assumes that symmetrical faces will not be perceived as more attractive than somewhat asymmetrical faces. That is, the selection ratio of symmetrical pictures would not be higher than asymmetrical ones. This hypothesis is based on the above reasoning that common facial asymmetry is not easily observed.
Hypothesis 2 indicates that the role of facial symmetry in attractiveness judgments increases with age, starting in middle age. We expect to see the effect of symmetry on attractiveness judgments among elderly people, but not among children and young adults. The experimental evidence for this contention is scant. However, in the long run, there may be a tendency for asymmetrical patterns of facial expression (muscle activity) to affect facial appearance. This phenomenon is presumed to lead to a greater (though not necessarily consistent) asymmetry in the slow signs in old age (for related evidence, see Moller, 1966) .
Hypothesis 3 indicates that the effect of facial symmetry on facial attractiveness is independent of people's level of facial attractiveness. That is, the selection ratio of symmetrical faces of unattractive people would not differ from the selection ratio of attractive people. This hypothesis is based on the notion that among healthy people facial asymmetry is limited and therefore does not affect their facial attractiveness.
Method
Participants. The participants were 64 undergraduates (32 men, 32 women) enrolled in the University of Tsukuba (mean age = 19.5 ± SD = 1.0 years). The participants took part for partial fulfillment of a course requirement.
Testing and stimulus materials. Ninety-six black and white portrait photographs were used: 32 pictures of young children (mean age = 4.9 ± SD = 0.8 years), 32 pictures of young adults (mean age = 24.1 ± SD = 6.7 years), and 32 pictures of old people (mean age = 77.5 ± SD = 8.8 years). Each age group comprised of an equal number of men and women; all were right-handed Japanese with no indication of abnormalities. The handedness of the young adult and the elderly faces was determined by self report, whereas the children's handedness was determined through a short self report, and by handing them various tools (cases with discrepancy were deleted). The handedness was determined to avoid any confounding sources due to the low possibility of a relationship between facial asymmetry and lateral dominance (e.g., Borod, Caron, & Koff, 1981) .
The stimulus participants were photographed with a 35-mm camera (135-mm lens, F2.5, on a tripod at a fixed distance of 2.0 m) with fixed, frontal illumination. They were instructed to look directly at the lens of the camera, and to present a neutral expression, devoid of any emotion. They were not forewarned when photographs would be taken. The pictures were selected from a large pool, according to their clarity, scarcity of uneven shadows, lack of horizontal and vertical deflections, and regardless of their facial asymmetry.
Generation of composites. The photographs were later scanned into a computer (Apple Macintosh Ilci), and manipulated on the computer screen using a graphic program (SuperPaint 3.0 graphic software, Silicon Beach Software, Inc.). Each portrait was halved, and the resulting two hemifaces were separately duplicated, so that the duplicated part flipped vertically to form two facial composites: left and right. The vertical midline was determined by connecting the midpoints between the eyes, nose, upper lip, and chin. In contrast with the commonly used Wolffs "split-face technique" (Wolff, 1933) , the original hairline was copied from the original face and pasted on the two composites, minor light differences were balanced, blemishes eliminated, and further information (background, clothes, earrings, etc.) erased. In this way, I finally had one original portrait of each stimulus person, as well its left and right hemispheric composites (for further discussion about this method see Kowner, in press).
The pictures were then divided into two sets. The first set included 96 overhead projector (OHP) sheets, each with two portraits: an original portrait (normal asymmetrical face) on one side, and its left or right hemifacial composite on the other side ( Figure 1 ). The original portraits were equally arranged on either the right or left side of the pictures to avoid the effect of the left-field perceptual bias of the observer (Gilbert & Bakan, 1973; Mertens, Siegmund, & Grusser, 1993) . The arrangement of the age group, the side of the original picture, and the side of composites (left or right) were completely counterbalanced, and the order of the sheets was random. The second set included the complementary sheets, namely, the original portrait and the complementary composite in the opposite side to the one presented in the first set.
Facial measurement. To assess the asymmetry level of each face, (noncomposite) faces of the 96 stimuli were measured. The facial measurements were conducted on a computer screen using the coordinates available in the graphic program to manipulate the faces. First, the size of faces were standardized on the computer screen using cross hairs that marked the horizontal midline of the mouth, the horizontal midline of the inner and outer eye comers, and the two vertical lines at the center of the pupil (Figure 2a) . The measurement utilized 12 points that represent specific morphological points on the face and can be identified easily (Figure 2b ). This method basically follows Grammer and Thornhill (1994) with some modifications, which will be explained below. Points used included the outermost (PI and P2) and the innermost eye corners (P3 and P4), the right and left junctions where the lower part of the ear touches the head (P5 and P6; these two points appear to be more reliably identifiable than the cheekbones used by Grammer and Thornhill, 1994) , the rightmost and leftmost points of the nose in the lower nose region (P7 and P8), the top leftmost and right- Figure 1 . Asymmetrical portraits versus their symmetrical composites. The pictures are of an 83-year-old man (the original photo is on the right). The symmetrical composite was rated as more attractive and younger by 75% and 69%, respectively, of the participants in Experiments 1 and 2. most points of the chin (P9 and P10), and the rightmost and leftmost points of the mouth (PI 1 and P12). Each of the above six pairs of points were connected by a line, and the lines were designated LI, L2, L3, L4, L5, L6 for P1-P2, P3-P4, P5-P6, P7-P8, P9-P10, and P11-P12, respectively ( Figure 2c) . Next, the midpoint (MP) of each line was calculated using the formula, ([left point-right point] -=-2) + right point.
To assess facial asymmetry, two indexes were calculated: Overall facial asymmetry (OFA) was the sum of all possible nonredundant differences between all the six MPs. The second index, central facial asymmetry (CFA) was the sum of all possible nonredundant differences between the four MPs located in the center of the face (MP LI, MP L2, MP L4, MP L6). It was assumed that the second index may be less affected by a momentarily facial deflection when the picture was taken. That is, if the face is not held perfectly straight, the MPs of the longer horizontal lines (L3 and L5) tend to fluctuate more than other MPs.
The reliability of this method was assessed by measuring the OFA and CFA of 48 composite faces simultaneously with the original faces. On a perfectly symmetrical face, all MPs lie on the same vertical line, and the sum of all possible nonredundant MP differences is zero. As expected, the mean OFA and CFA of the b c Figure 2 . Measurement of facial asymmetry degree, (a) The technique used to standardize facial size on the computer screen, (b) the landmark points used for facial measurements, and (c) the line used for facial measurements.
composite faces was much lower than those measured in the original faces; 8.5 (SD = 4.7) and 3.6 (SD = 2.4), respectively, compared with 47.8 (SD = 19.7) and 14.4 (SD = 7.0), respectively, in the original faces. Thus, the measurement inaccuracies represent about 20% of the variance of the two indexes. Dependent measure. Participants were asked to choose one portrait out of the two presented in each sheet. The criterion for selection was physical attractiveness ("which of the two portraits is more beautiful... more attractive ... less ugly?"), and the dependent measure was the selection ratio of the symmetrical composites.
Procedure. The participants were assigned to one of two groups with an even number of participants and an equal number of men and women in each group. The first set of photograph pairs was presented to one group, while the other was presented to the second group. The experiment was presented as research on face perception. Participants were given an evaluation score sheet, which had two columns (left portrait and right portrait) and 96 rows, one for each portrait. Following a short explanation and practice, the 96 OHP sheets were displayed one by one on a 2 X 2-m screen for 5 s. each. The order of the presentation was random in the first set, whereas in the second set the pictures were presented in an order opposite to that of the first group. Upon completion of the session, the participants were prompted to write their assumptions about the differences between the pairs of pictures they observed, and later were debriefed about the study and its goals.
In a separate session, I assessed the stimuli's (original) facial attractiveness to examine its effect on the selection ratio of the symmetrical composites. Eight undergraduates (4 men, 4 women; mean age = 21.6 ± SD = 0.8 years) rated the stimuli's facial attractiveness on a 15-point scale ranging from very low attractiveness (1) to very high attractiveness (15). The middle score (8) was defined as representing the average attractiveness within each age group. Each age group was rated separately to obtain a greater variation in the ratings. The reliability coefficient of this measure was .80 (standardized item a = .83). The rating procedure was preceded by a short preview of several pictures of each age group to produce a baseline for the rating.
Results
Composites versus normals: Selection ratio. Analysis of the mean selection ratio of the symmetrical portraits of each participant (grand mean = .492), indicated that it did not differ from random choice, t (63) = .63, p < .53, two-tailed. Further analysis of the mean scores in the first set (grand mean = .483) and the second set (grand mean = .502) indicated that they neither differed from each other, nor differed from random choice.
To examine whether age had an effect on the selection, a 3 (age group) X 2 (stimuli's sex) X 2 (participants' sex) repeated measure analysis of variance (ANOVA) was conducted on the selection ratio of the symmetrical composites. There was a main effect of age group, F (2, 124) = 18.2, p < .0001. Symmetrical portraits of old people were more often selected than asymmetrical ones (55.1%), whereas symmetrical portraits of young adults (45%) and children (47.5%) were selected less often. Post hoc Fisher's PLSD tests indicated that the rating differences between the elderly faces and the younger adults or the children were both highly significant (p < .0001), but those between the children and the young adults were not (Figure 3 ). In addition, there was an interaction between stimuli's sex and participants' sex, F (1, 62) = 5.4, p < .03. Female participants rated female stimuli higher than male stimuli, whereas male participants rated the opposite.
Further examination within each group of stimuli indicated that within the children and the young adults, the selection ratio of asymmetrical portraits was significantly greater than random choice, t (63) = 2.2, p < .03, twotailed; t (63) = 3.3, p < .002, two-tailed; respectively. However, the number of selections of symmetrical portraits within the old-age stimuli was significantly greater than random choice, t (63) = 4.1, p < .0001, two-tailed.
Selection ratio and attractiveness ratings. The average attractiveness rating of the 3 age groups was close to the scale mean; 8.0, 7.3, and 7.4 for the children, young adults and old participants, respectively. To examine the effect of the stimuli's facial attractiveness on the selection rate of the symmetrical composites, I split the attractiveness ratings of each age group into low and high groups according to the median of each group. A 2 (attractiveness level) X 3 (age group) X 2 (pictured persons' sex) ANOVA was conducted on the selection ratio of the symmetrical composites. As expected, the analysis revealed only the effect of the age group, F (2, 124) = 18.2, p < .003. Although a higher selection ratio was found for the unattractive groups in each of the 3 age groups, the difference was not significant (p < .20), and planned analyses within each group produced nonsignificant results (Figure 3) .
Asymmetry index. To examine the effect of stimulus people's age and sex on facial asymmetry, 2 (sex) X 3 (age group) ANOVAs were conducted on the OFA and CFA scores of the stimuli. The analyses did not yield a significant effect of age group, p < . 14, p < .35, respectively (although Fisher's PLSD post hoc procedure indicated that the difference between the old people and the young adults' OFA scores was significant, p = .05), and also there were no differences between the sexes, p < .27, p < .08, respectively (Table 1) .
The correlation between OFA, CFA, the selection ratio, and the attractiveness ratings revealed only limited results, which can be discarded due to the large number of correlations (Table 2) .
Discussion
The results confirmed my three hypotheses: Normally occurring, nonpathological facial asymmetry in children and young adults did not affect attractiveness judgments negatively, yet it appears that it has a negative effect in the faces of old people. In the same way, attractiveness did not affect the selection ratio of the symmetrical composites. Viewing these results, one may wonder whether the fact that only the symmetrical portraits were manipulated did not affect observers' judgment. To examine this point the following control study was designed.
To control for the fact that only the symmetrical (composite) faces were manipulated, a control study was con- 
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Figure 3. Mean selection ratio for age group, sex, and attractiveness level (the error bars are 95% confidence interval). Open bars represent the high-attractiveness group, solid bars represent all stimuli, and gray bars represent the low-attractiveness group.
ducted in which the original faces were reversed. In this way, the pictures of the original faces were subjected to as much distortion owing to the reflection process as the symmetrical composite faces. The stimulus pictures were identical to the ones used above, and a second group of 64 participants (32 men, 32 women) enrolled in the University of Tsukuba (mean age = 21.1 ± SD = 3.7 years) repeated the procedure described above. Findings indicated that the selection ratio of the symmetrical portraits in the control group was identical to that found previously (grand mean = .492), and likewise the correlation between the selection ratio for each pair of targets in the original group and the control group was highly significant, r = .35, (p < .0005). The selection ratio for each age group was also very close to the one found previously. Symmetrical portraits of old people were more often selected than asymmetrical ones (56%) and this difference was significantly greater than expected from random choice, t (63) = 3.6, p < .002, whereas symmetrical portraits of young adults (44.8%) and children (46.7%) were selected less often, t (63) = 3.2, p < .002, two-tailed; t (63) = 1.6, p < .13, two-tailed, respectively.
Overall, these findings undermine the contention that facial symmetry is related in a simple linear manner to facial attractiveness. Grammer and ThornhilFs (1994) findings of a negative correlation between facial FA and attractiveness are the main reason I hesitate to stress this point. Because their study differs from the present one in numerous aspects (e.g., methodology, stimuli) it is fairly difficult to identify the source of the differences. The positive effect of facial symmetry on elderly people's attractiveness but not on young people's attractiveness is of special interest. It is suggested that aging increases perceived facial asymmetry, and thus asymmetry in old age ought to be associated with aging and consequently with lower attractiveness. Although these findings only partly supported this contention, it is assumed that a major contribution to facial asymmetry in old age stems from asymmetrical changes in the soft tissue of the face (wrinkling of the skin, accumulation of facial blemishes, color change), and hair distribution (Gonzales-Ulloa & Flores, 1965) . These changes were not examined in this study. Additional support for the aging hypothesis comes from Sutton's (1968) findings that the degree of lateral asymmetry of the nose, but not the chin, increases with age also after adolescence. Sutton concluded that "normal facial asymmetry is produced mainly by postnatal factors" (p. 90). This proposition may account for Borod, Kent, Koff, Martin, & Alpert's (1988) findings of greater hemifacial intensity on the left side in both expressive and resting faces of 16 men whose mean age was 59 years, which contrast with Kowner's (in press a) demonstration of differing intensity only in expressive faces of individuals with a mean age of 25 years.
Several studies have also predicted the existence of a sex difference in FA (Garn, Lewis, & Kerewsky, 1966; Nichol, Turner, & Dahlberg, 1984) . In measuring asymmetry in teeth, they argued that women ought to be more symmetrical than men because the paired X female chromosome confers greater dimensional control during odontogenesis, and that maternal intrauterine environment has less effect on female embryos. The present study does not support this prediction, and further adds to evidence for the theory that there is no sex difference in people's responses to asymmetrogenetic factors (Kieser, Groeneveld, & Preston, 1986; Townsend & Garcia-Godoy, 1984) .
Experiment 2
This experiment was designed to further examine the role of symmetry in attractiveness judgments of old people and focused on the following hypothesis:
Hypothesis 4 assumes that symmetrical faces of old people will be perceived as younger than somewhat asymmetrical faces. In other words, greater symmetry perceived in faces of old people serves as a cue for a younger age. If symmetrical composites of old people are perceived as younger than their original asymmetrical faces, the link between symmetry and attractiveness may be mediated by the perception of youth, which is generally considered to be an important attractiveness cue (Kenrick & Keefe, 1992; Kowner & Ogawa, 1993) .
Method
Participants. The participants were 48 undergraduates (38 women, 10 men) enrolled in the University of Tsukuba (mean age = 21.9 ± SD = 2.8 years). The participants took part for partial fulfillment of a course requirement.
Testing and stimulus materials. Thirty-two black and white portrait photographs, all of Japanese old people (mean age = 77.5 ± SD = 8.8 years) with an equal number of men and women. The portraits were those of people in the old age group used in Experiment 1.
Dependent measure. Participants were asked to choose one portrait out of the two presented in each OHP sheet. The criterion for selection was youth ("which one of the two portraits looks younger"), and the dependent measure was the selection ratio of the symmetrical composites.
Procedure. The same procedure was used as in Experiment 1.
Results
Analysis of the mean selection ratio of the symmetrical portraits of each participant (grand mean = .550), indicated that the number of selections of the symmetrical portraits was significantly greater than the number of asymmetrical portraits chosen, t (47) = 3.8, p < .0004, two-tailed. In addition, the correlation between the ratios of the symmetrical composites for each of the pictures of the old people in Experiments 1 and 2 (32 pictures) was high, r = .60, (p < .0002). The correlation between the selection ratio of the symmetrical composites and either the OFA or the CFA of the original portraits were nonsignificant, r = -.075, r = .196, respectively.
Discussion
The results suggest that the greater attractiveness of symmetrical faces in old age found in Experiment 1, is mediated by the perception of symmetrical faces as younger than when perceived as asymmetrical. One may wonder why faces of old people differ from those of younger people. One reason for the role of asymmetry in old age may be related to morphological development throughout life, particularly the asymmetrical development of slow signs (Sutton, 1968 ). Kowner's (in press ) demonstration that there is no consistent asymmetry in young resting faces implies that it does not form the basis of asymmetrical emotional expression. Nevertheless, it is possible that in the long run the tendency for asymmetrical patterns of facial expression (i.e., asymmetry in rapid signs) to affect facial expression at rest leads to greater (though not necessarily consistent) morphological asymmetries in old age.
It should be noted, however, that Moreno, Borod, Welkowitz, and Alperts' (1990) study, designed to examine the aging hypothesis which assumes that only the functions of the right hemisphere decline with age, did not reveal any changes in women's lateral intensity as a function of age, although it does not exclude the possibility of greater fluctuating asymmetry (for similar results see also Borod et al., 1988) . Moreno et al. also suggest that the neutral face, per se, does not affect the degree of asymmetry and intensity for emotional expressions with respect to age. My view of facial asymmetry stems from the inverse notion that emotional expressions influence asymmetry in neutral faces in direct relationship to age.
The second reason for the findings of greater attractiveness of symmetrical faces in old age may be related to early morphological development of the old participants used in the present study. It is possible that these people were subjected to more distinct developmental environments than the younger participants. Kieser et al. (1986) , who examined dental asymmetries in a group of Lengua Indians, found that the older adults (40-60 years) had greater fluctuating asymmetry than then-younger cohorts (18-39 years). Kieser et al.'s suggestion that the older group, who experienced less acculturation, was subjected to higher levels of environmental stress, may also be relevant to the present study. Certainly, the economic situation and nutritional level of Japanese in the first half of this century was drastically lower than those of the last two to three decades (Tezuka, Yamamoto, & Horvath, 1975) .
Experiment 3
My earlier assumption that facial symmetry would limit effects on attractiveness judgments was partly based on the presumed negative effect of symmetrical emotional expressions. Experiment 3 investigated whether expressive symmetrical faces are indeed judged less attractive than asymmetrical ones. Lynn and Lynn (1938) were among the first to examine the expressions of the two hemifaces; they found natural smiles to be mostly symmetrical, and when asymmetrical, to be evenly divided between left and right dominance. In the last two decades, however, numerous studies have demonstrated that this early observation was somewhat misleading. They have revealed various degrees of greater left-side intensity (especially in negative affect) in right-handed people (for meta-analysis of the data see Skinner & Mullen, 1991) . If this is the situation, it seems reasonable that symmetrical smiles on symmetrical chimeric faces would be perceived as somewhat unnatural and thus less attractive. Because people tend to ignore slight asymmetries in resting faces, they do tend to notice the degree of symmetry in others' emotional expressions. This is due to the prominence of these expressions and their immediate relevance to human relationships. Thus, the operational hypothesis of this experiment was as follows: Hypothesis 5 assumes that symmetrical expressive (smiling) faces of normal adults are perceived as less attractive than somewhat asymmetrical faces.
Method
Participants. The participants were 48 undergraduates (38 women, 10 men) enrolled in the University of Tsukuba, (mean age = 21.9 ± SD = 2.8 years). The participants were the same individuals who participated in Experiment 2, and this experiment followed Experiment 2.
Testing and stimulus materials. Twenty-two black and white photographs of Caucasian and Japanese adults were selected: 11 of male faces and 11 of female faces (M = 25.8 ± SD = 5.0 years); all were right handed (the handedness was determined by self report) with no indication of abnormalities. Models were instructed to present a controlled and moderate smile, and to avoid moving their head during the photographing session (20 of these photographs were originally used in the Kowner study, 1994; Experiment 3). The photographs were later scanned into a computer, and left and right composite pictures were made using the same method as in Experiment 1. To assess the asymmetry level of each face, (noncomposite) faces of all 96 stimuli were measured using the same method as in Experiment 1.
Dependent measures. Participants were asked to choose one portrait out of the two presented on each sheet. The criterion for selection was attractiveness (facial beauty, less ugliness, etc.), and the dependent measure was the selection ratio of the symmetrical composites.
Results
Analysis of the total mean score of the symmetrical portraits (.415) indicated that the number of selections of the asymmetrical portraits was significantly greater than the number of symmetrical portraits chosen, t (47) 5.5, p < .0001. The correlations between the selection ratio and both OFA (M -46.3, SD = 22.2) and CFA (M = 18.9, SD = 10.9) were positive but nonsignificant (rs = .13 and .27, respectively).
Discussion
The results confirmed Hypothesis 5 because the ratio of symmetrical faces selected was significantly lower than a random selection.
The expression used in Experiment 3 was a posed smile, which was chosen because of the ease and uniformity of participants to perform it. There has been a long debate on the role of elicitation condition (posed vs. spontaneous) and the valence (negative vs. positive) on the facial expression of emotions. Whereas several researchers argued that these aspects have a distinct effect on the expression observed (e.g., Ekman, Hager, & Friesen, 1981) , the latest review of this topic (Borod, 1993) concluded that expressions of emotion appear more intense on the left hemiface, "generally regardless of elicitation condition ... and the operation of social display rules" (p. 458). Following Borod's conclusion, I propose that the present findings reflect the expressions of emotions in general.
Experiment 4
Experiment 4 further examined the contention that symmetrical smiles look less natural than asymmetrical ones (Kowner, 1994) . The operational hypothesis of this experiment was as follows: Hypothesis 6 indicates that symmetrical smiles of normal adults are perceived as less natural and genuine than somewhat asymmetrical faces.
Method
Participants. The participants were 30 undergraduates (15 women, 15 men) enrolled in the University of Tsukuba (mean age = 20.4 ± SD = 3.4 years). The participants took part for partial fulfillment of a course requirement.
Testing and stimulus materials. The same portraits that were used in Experiment 3 were used in this experiment.
Dependent measures. Participants were asked to choose one portrait out of the two presented on each OHP sheet. The criterion for selection was the genuineness of the smile ("which of the two portraits seems to have more 'genuine'... 'natural'... not faked smile?"), and the dependent measure was the selection ratio of the symmetrical composites.
Procedure. The procedure was similar to the one used in Experiment 1, with two differences. The participants were not divided into two groups, and they rated the second set 1 min after finishing the first.
Results
Analysis of the grand mean score of the symmetrical portraits (.433) indicated that the number of selections of the asymmetrical portraits was significantly greater than .5 incidence expected by chance, t (29) 4.0, p < .0004. In addition, the correlation between the selection ratio of the symmetrical composites for each picture in Experiments 3 and 4 (22 pictures) was high (r = .52, p < .02). As with Experiment 3, the correlations between the selection ratio and both OFA and CFA were positive but nonsignificant (rs = .27 and .34, respectively).
Discussion
The results confirmed Hypothesis 6, suggesting that the lower attractiveness of symmetrical expressive faces found in Experiment 3 may be mediated through the perception of symmetrical faces as less genuine and natural. Examining the limited facial asymmetries appearing on people who viewed pleasant or stressful films, Ekman et al. (1981) expressed their doubt "that most people engaged in conversation would notice them" (p. 105). My findings suggest that even if people are not aware of the asymmetries in expressions, the asymmetries may unconsciously affect their judgments of a target person. Frank, Ekman, and Friesens' (1993) suggestion that smiles of enjoyment are more symmetrical than posed smiles seems to contradict my findings, yet they have not demonstrated it. The present study suggests that if smiles of enjoyment ("Duchenne smile") are more symmetrical, symmetrical smiles that are not accompanied by other markers of enjoyment (such as the visible presence of orbicularis oculi muscles around the eyes) would probably be regarded as phony.
General Discussion
The findings of Experiments 1-4 strongly support the basic hypothesis of this study that a high degree of facial symmetry may have a slight negative effect on attractiveness judgments of faces of normal children and young adults, yet toward old age its role grows, probably because asymmetry serves as a cue for aging.
The finding that facial symmetry does not have a positive effect on attractiveness judgments of resting faces in certain age groups seems astonishing at first glance, due to earlier evidence that bodily FA serves as a cue for mating in various species, and as a screening mechanism for defective features within humans as well (Kowner & Ogawa, 1993; Thornhill & Gangestad, 1993) . If indeed facial FA provides information for such important functions, it would seem peculiar that human beings have not evolved cognitive mechanisms that help them to recognize and positively attribute such features in others.
One way to account for my findings is the choice of stimulus persons. This study dealt with healthy people, who did not suffer from any visible abnormalities or developmental defects. Facial FA in such people is low and unlikely to be detected. It is doubtful whether most people would notice any facial asymmetries of a person they interact with, unless they were asked to look carefully for them. Not only are asymmetries in healthy people limited, but there are several strong perceptual and morphological factors mentioned in the introduction, which almost totally hinder people from discerning such asymmetries.
The evolutionary reasons for the relative unimportance of minute facial asymmetries as a cue for attractiveness, as in the symmetrical tail is for birds and symmetrical wings are for insects, is unclear. We can only hypothesize that during later stages of human evolution, especially during the expansion of the capacity for communication, the importance of symmetry has been minimized. First, the development of language may have expanded the ability to purge and even exclude people carrying phenotypic cues (such as extreme asymmetry), which indicate the existence of genetical syndromes, from the mating cycle (Shaw, 1988) . Thus, the effect of hereditary asymmetries may have greatly dimin-ished (see Thornhill & Sauer, 1992 , for the heritability of FA), and the face emerged as the most symmetrical part of the body (Sackeim, 1985) .
Second, the great asymmetries in the functions and form of the human brain (Geschwind & Galaburda, 1987) , suggest that the face, or at least its rapid signs, would be a mirror of brain activities and be asymmetrical. The increasing role of facial expressions as indicators of mood, attitudes, and behavioral antecedents caused the remaining slight asymmetry found in the human face to be regarded as a cue for communicative features. For this reason, I suggest that facial asymmetry has a curvilinear effect on facial attractiveness, as both extreme (abnormal) asymmetry (especially in static and slow signs) and extreme symmetry (especially in rapid signs) somewhat diminish attractiveness.
On the basis of the growing role of the face in communication, it is possible that throughout their relatively short cultural evolution, human beings have partly replaced their reliance on biological cues of survival, such as FA, with sociocultural cues such as status and communication skills (Kowner, Ogawa, & Kikuchi, 1994) . In this vein, clothes, asymmetrical ornamentation, and even asymmetrical expressions may limit people's capacity for detailed observation of their potential mate's FA, but provide more important cues regarding one's sociocultural capacity. This diminished sensitivity notwithstanding, when defective development of an individual has negative implications for his or her reproductive prospects, asymmetry is often apparent, and people do notice it despite the existence of obscuring factors. In this vein, various genetic syndromes are often characterized also by peculiar phenotypes that include very visible bodily and facial asymmetry (e.g., Fujimoto, Allanson, Crowe, Lipson, & Johnson, 1992; Landa, Oleaga, Raton, Gardeazabal, & Diaz-Perez, 1993) .
Another possible reason for the preference for mild facial asymmetry may be related to testosterone level. One novel elaboration of the sexual selection theory has been Zahavi's concept of "handicap principle," which may account for the selection of a mate with sexual characteristics to the point of serious handicap (Zahavi, 1975 (Zahavi, , 1977 . Zahavi contends that because women cannot recognize genes indicating high fitness, men who survived to breed despite their handicapping features, must have high fitness. Several studies have recently argued that the most important form of honest advertising in selection may involve handicapping the immune system (e.g., Folstad & Karter, 1992) . Consequently, the production of testosterone, a potent immunosuppressive handicap, was hypothesized to honestly show pathogen resistance (Thornhill & Gangestad, 1993; based on Hamilton & Zuk, 1982) . Such a handicap is honest for the simple reason that only truly resistant individuals can afford its cost. But how can an individual manifest testosterone production? One way is through conspicuous secondary sexual traits (e.g., prominent cheek bones in both sexes), which are indeed rated as more attractive (Cunningham, 1986; Cunningham, Barbee, & Pike, 1990; Grammer & Thornhill, 1994) . The second way might be through mild facial asymmetries. This proposition, which still should be confirmed, is based on findings of a relationship between testosterone level and asymmetries in finger (dermatoglyphic) prints in normal men (Jamison, Meier, & Campbell, 1993) . In this sense, having mild facial asymmetries may indicate a greater level of testosterone, and still enough pathogen resistance to afford its cost.
The mere exposure effect may also be a further reason why mild FAs generate positive responses. In a seminal article, Zajonc (1968) hypothesized that repeated, unreinforced exposure is sufficient to enhance one's attitude toward a stimulus, object, or person. The relationship between mere exposure and a favorable judgment was demonstrated by Hamm, Baum, and Nikels (1975) who asked individuals to rate photographs of White and Black students for their degree of "favorability." Hamm et al. found that regardless of the race of the person in the photograph, repeated exposure increased the favorability rating (for review see, Bornstein, 1989) . A similar phenomenon may occur with ratings of mild facial asymmetry found in healthy people, because in everyday life people are exposed to slight facial asymmetry more than perfect symmetry. Consequently, they may view facial asymmetry favorably and ultimately rate it as more attractive. In other words, they follow the classical dictum that "what is good is beautiful" (e.g., Gross & Crofton, 1977) .
Finally, limited asymmetry may be simply more aesthetic, that is, regardless of its function. Peck and Peck (1970) noticed that "a concept of facial esthetics can tolerate a detectable degree of soft tissue asymmetry. We must understand, however, that this degree of asymmetry serves to characterize and individualize the esthetically pleasing face, rather than to disfigure it" (p. 300). In fact, the debate on the role asymmetry in aesthetics dates back to classical Greece. Considering the role of symmetry, artists and philosophers held two competing approaches. The first one was objective beauty, called symmetry, and the second one eurhythmic beauty, which emphasized pleasant feelings in the beholder rather than good proportions. During the development of Greek aesthetics, there was a gradual shift in all spheres of art from symmetry to eurhythmy, and eventually, the two principles were united into one notion. The writings of the influential Roman architect and theoretician, Vitruvius, reflect this integration: "The eye looks for a pleasant view: if we do not satisfy it by the application of correct proportions ... we leave the viewers with an unpleasant view wanting in charms" (Vitruvius, 1807 -1808 , cited in Tatarkiewicz, 1980 . In this sense, if we are looking for a feeling of symmetry, the face may have to depart slightly from perfect symmetry. The present study suggests that these classical rules may be valid to the human face.
